A 7-month-old Caucasian term infant girl was brought to a local community emergency department with parental concerns of constipation. She was a previously healthy child of nonconsanguineous parents and was well appearing on presentation without cyanosis or signs of respiratory distress. A pulse oximeter was placed and measured a SpO 2 (blood oxygen saturation determined by pulse oximetry) of 84%. The infant was placed on supplemental oxygen by nasal cannula, and her SpO 2 improved to 92%, but did not improve further regardless of the amount of additional oxygen administered. A nonsedated echocardiogram was performed and suggested an anatomically normal heart. The infant was then transferred to a tertiary care hospital for further workup.
Hospital Course
Throughout admission, the infant remained well, but continued to require 2 to 3 L/min of oxygen by nasal cannula to maintain a SpO 2 of 92%. The SpO 2 was consistent across all 4 limbs. Initial laboratory investigations indicated mild anemia, normal venous blood gas, negative screening for methemoglobin, and trace carboxyhemoglobin in blood (0.029; normal <0.020; see Table 1 ). Hemoglobin electrophoresis and G6PD (glucose-6-phosphate dehydrogenase) study results were requested. The infant had no known lead exposures, and while her father was a smoker, he reported never smoking indoors or near his daughter. Her chest X-ray showed an anatomically normal thorax, no signs of interstitial lung disease, and an appropriately sized heart. An initial hyperoxia test was attempted, but could not be obtained. A bubble-contrast echocardiogram was performed under sedation, yielding a positive result suggesting either a right-to-left shunt or a patent formane ovale. Given the low oxygen saturations and possible right-to-left shunt, a spiral chest computed tomography (CT) was obtained to investigate for pulmonary arteriovenous malformations, as well as an abdominal ultrasound with Doppler to evaluate for possible hepatopulmonary syndrome or an insufficient inferior vena cava. Both the chest CT and abdominal ultrasound were reported normal.
Ultimately, a hyperoxia test could be performed, and arterial blood gases (ABGs) were analyzed while the infant was without supplemental oxygen and after 10 minutes of 100% supplemental oxygen (hyperoxia). While the infant was on room air, her pulse oximeter read 84% and her ABG was within expected limits with a normal partial pressure of oxygen in arterial blood (PaO 2 ; Table 1 ). After receiving 100% supplemental oxygen, the pulse oximeter increased to 92% and the PaO 2 increased to 300 mm Hg. These results argued strongly against a right-to-left shunt, and instead indicated the presence of a "saturation gap," which is a discrepancy between the PaO 2 and the SpO 2 inferred from the pulse oximeter.
Two days after the chest CT, the patient's parents and the medical team also noted that the infant appeared pale and less energetic. Her vital signs remained stable and her SpO 2 unchanged, but she had developed a new, grade 2 systolic ejection murmur. Repeat laboratory investigations were performed and were consistent with hemolysis and a normocytic anemia (Table 2) . She had a hemoglobin of 47 g/L, and the blood film showed normal red blood cells, as well as hypochromic cells, schistocytes, Heinz bodies, and Howell-Jolly bodies. Her carboxyhemoglobinemia had also doubled in value, which, along with the elevated lactate dehydrogenase, unconjugated bilirubin, reticulocytes, and low haptoglobin, confirmed the presence of hemolysis. Direct antiglobulin test was negative confirming a nonimmune hemolytic process. G6PD levels were normal (although in the context of reticulocytosis) and pyruvate kinase was mildly elevated at 4.55 U/mL red blood cells. Hematology was consulted and the infant received a cross-matched blood transfusion of packed red blood cells. , and Michael Weinstein, MD 2 and she weaned off of supplemental oxygen, maintaining her SpO 2 saturation at 99% on room air. The patient's hemoglobin analysis showed hemoglobin A 79%, hemoglobin F 13.9%, and an abnormal band of 2% in the C window with an elution time of 4.463 minutes, indicating an atypical hemoglobin variant. A cardiac CT angiography, done as an outpatient, subsequently ruled out any abnormal vascular communications contributing to the positive bubble echocardiogram, which was deemed to be related to a patent foramen ovale.
Final Diagnosis
Unstable hemoglobinopathy that is susceptible to intravascualar nonimmune hemolysis.
Discussion
Hemoglobin disorders are caused by mutations in genes encoding subunit chains γ-(fetal subunit), α-, and β-globin, resulting in decreased hemoglobin production or altered structure and function. 1 Globally, approximately 332 000 live births are affected by a hemoglobin disorder annually, with 99.7% due to a major thalassemia or sickle cell disorder. 2 The remaining cases are caused by structural variants that alter the hemoglobin molecule's oxygen affinity and/or stability. Since these alterations may be clinically silent, many go undiagnosed. Variant hemoglobins are often unique to single pedigrees and inherited in autosomal-dominant fashion. 3 Children with variant hemoglobinopathy can present with cyanosis, in the case of low oxygen affinity variants, 4 ,5 erythema and polycythemia if oxygen affinity is increased, 6 with hemolysis when hemoglobin is unstable and prone to precipitation, 7, 8 (arterial blood oxygen saturation, percent hemoglobin bound to oxygen) are not affected. 9 Incidental cases often present with low SpO 2 based on pulse oximetry and may be subject to extensive cardiac and pulmonary investigation.
Pulse oximetry is a standard measurement in pediatric practice that can mislead health care professionals if its fundamental principles are overlooked. 10 Pulse oximetry is often incorrectly considered to be a measurement of SaO 2 , and low readings may be falsely assumed to indicate hypoxemia. 11 It is more accurate to consider oxygen saturation on a pulse oximeter (SpO 2 ) as a measurement of the percentage of oxygen-bound (saturated) hemoglobin molecules. However, its value is inferred from the tissue's relative absorption of red (660 nm) and infrared light (940 nm) and is subject to error, 11 as was the case in our patient. Common causes of spurious (Table 3) . 3, 11, 12 Blood co-oximetry provides a more accurate value of hemoglobin oxygen saturation by measuring light absorbance across a spectrum of wavelengths in vitro, circumventing most of the aforementioned issues. 13 The definitive test of arterial oxygen content is the ABG, where a low PaO 2 is the absolute measurement of hypoxemia. An ABG with co-oximetry informs the physician of the partial pressure of oxygen within the blood and the oxygen saturation of hemoglobin. When combined with the hyperoxia test, ABG analysis can effectively differentiate between respiratory causes of hypoxemia, including impaired gas exchange, from direct right-to-left or physiologic shunts, as hypoxemia associated with shunts will not correct with the increased alveolar-arterial gradient generated with hyperoxia. Improvement of PaO 2 with 100% inspired oxygen points to a respiratory cause for hypoxemia. Cases of a normal PaO 2 and consistently low SpO 2 , a discrepancy known as a saturation gap, are caused by CO poisoning, methemoglobinemia, sulfhemoglobinemia, or a hemoglobinopathy. 14 Over 600 genetic variants in α-or β-hemoglobin genes have been described. 15 Many variants yield misfolded proteins that form tertiary structures, or hemoglobin molecules, with unique oxygen binding and light absorption properties. 9 Certain variants cause unstable hemoglobinopathies like the one affecting our patient: conditions in which misfolded hemoglobin precipitates within erythrocytes to form Heinz bodies, rendering them susceptible to splenic sequestration and lysis during infection and physiologic or oxidative stress. 3 In the case of our patient, her exact trigger was unknown. Multiple case reports describe hemoglobinopathies presenting incidentally with low pulse oximeter readings. 9, [16] [17] [18] and was an extremely valuable tool in the diagnosis and management of this patient by helping to direct the medical team to a broader differential diagnosis. The patient's condition will be conservatively managed with transfusions as required secondary to hemolysis. While pulse oximetry is widely used in pediatric practice, this case underscores the need to appreciate its underlying principles and clinical limitations.
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